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Introduction
Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous semi-volatile organic compounds, partitioned in atmospheric aerosols between the vapor and particulate phase. They are formed in all incomplete combustion processes at temperatures > 500 ºC with insufficient oxygen and are originated by natural (forest fires, volcanic activity) [1] and anthropogenic sources (fossil fuel combustion, industrial and agricultural activities, power generation, municipal and medical incineration) [2] [3] [4] . The widespread distribution and semi-volatile nature of PAHs, is connected to the fact that previous emissions that have deposited on various media (e.g. soil and vegetation) may be reemitted into the atmosphere [1] .
In urban areas the major contribution of PAHs, including their derivatives: oxygenated and nitrated polycyclic aromatic hydrocarbons (NPAHs and OPAHs), is vehicular traffic through incomplete combustion of fossil fuels namely, diesel and gasoline [5] [6] [7] . NPAHs can be either directly emitted from combustion (mainly diesel engines) or formed in the atmosphere via electrophilic nitration reactions of a PAH (in gas phase) in the presence of NO 2 , OH or NO 3 radicals [8] . NPAHs have been detected in airborne particles, coal fly ash, diesel engine exhaust emissions, kerosene heaters, and cigarette smoke. Once release into the atmosphere, NPAHs are highly persistent in the environment and can be transported long distances from their original source.
Oxygenated-PAHs can also be emitted directly by incomplete combustion or generated as the result of atmospheric reactions following oxidation of the corresponding PAHs or their derivatives with hydroxyl radicals and/or ozone. These derivatives are generally less volatile than their precursors (with a higher molecular weight and lower vapor pressures), and have a tendency to be associated to particles [9] [10] [11] . Recently, increasing interest has been paid to the study of OPAHs, particularly
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4 quinones, because these derivatives are reported as being more toxic than their parent
PAHs [10, 12, 13] . Because of this and also their persistence in the atmosphere, OPAHs have become key components in the study of airborne particular matter (APM).
Nitrated and oxygenated PAHs are environmental pollutants of particular concern because of the recognized mutagenic, carcinogenic, and immunotoxic effects of a number of the individual compounds (termed congeners). Detrimental effects on human health have been reported [14] . For this reason, regulation of PAHs and their derivatives' emissions as well as reliable monitoring of these compounds in urban air is of prime importance from the human health standpoint. NPAHs have been reported as a class of very potent mutagenic compounds [15] . In a study carried out in the NorthEastern United States, OPAHs have been reported as the most mutagenic compounds regarding human-cell mutagens in respirable airborne particles [16] .
Other alternative for OPAHs and NPAHs analysis in atmospheric particles is the use of biomonitors, which represent a simpler and cheaper choice in comparison with the high costs associated with conventional monitoring based on the use of high/medium/low volume samplers and expertise necessary for a proper use of these samplers. Several authors have been used tree barks, leaves, pine needles, lichens, and mosses as bioaccumulators or/and biomonitors to evaluate the PAHs and/or their derivatives concentrations in the environment [17] [18] [19] [20] [21] [22] .
During more than ten years, our group has conducted a series of studies aimed at determination, fractionation, and source identification of metals, metalloids, and ions in airborne particulate matter and related environmental matrices such as tree barks, road dust, and ashes [23] [24] [25] [26] [27] [28] [29] [30] [31] . In the framework of a new project, our interest in now focused on the contribution with information on the content of OPAHs and NPAHs in the
atmosphere of the megacity of Buenos Aires as well as the identification of their potential sources. To the best of our knowledge this is the first time that the presence of these compounds in atmospheric aerosols and tree barks is reported for the megacity of Buenos Aires. Moreover, some of the compounds studied have not been reported in the herein selected matrices elsewhere. Additionally, from an analytical point of view, the proposed work is completely novel in terms of comparing different extraction strategies, samples, and sampler devices; offering thus a sensitive, rapid, economical, and reliable tool for environmental monitoring of nitrated and oxygenated PAHs.
Experimental

Instrumentation
Mass spectrometry determinations were performed on a Quattro Premier ™ XE 
Reagents
A C C E P T E D M A N U S C R I P T 
ACCEPTED MANUSCRIPT
A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT
7
A total of 14 samples of PM 10 were collected during seven days in parallel using two (A and B) high-volume air samplers (SIBATA, HV 1000F, Japan) equipped with a PM 10 size-selective inlet. In sampler A, seven ash-free glass-fiber filters (8 x 10 inch, ADVANTEC) were used for particles collection. In sampler B, seven quartz fiber filters (8 x 10 inch, MILLIPORE) were employed. In both cases, the sampling flow rates used were 1000 L min -1 and the collection period in each filter was 24 h (approximately from noon to noon of consecutive days) to achieve a concentration of PAHs derivatives adequate for their quantification. The average air volume daily collected was 1440 m 3 .
In addition, PM 2.5 samples were collected during one month on glass-fiber filters using a medium-volume air sampler (PQ200, BGI Incorporated, MA USA) equipped with a PM 2.5 size-selective inlet. The average air volume daily collected was 24 m 3 .
Before collection each filter was placed in a stove at 400 °C by 5 h to eliminate any impurity. Then, all filters were placed under constant temperature (~ 25 °C) and relative humidity (˂ 40%) for 24 h before weighing. After sampling, all filters were wrapped in aluminium foil and stored in a dry and dark place at 4 °C. Then, they were rapidly transported to the laboratory where were frozen until analysis.
Tree barks collection
Using a hard steel knife, the external surface of the bark of five Tipa sp. trees, not exceeding 2 mm in depth, was removed from the face mostly exposed to traffic, at a ~ 1-1.5 m height. Barks were collected using rubber gloves. After collection, the tree bark samples were wrapped in aluminium foil and placed in a dry and dark place at 4
°C. Then, the tree barks were rapidly transported to the laboratory where they were frozen until analysis.
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Sample treatment
In a first step, to select the optimal technique for OPAHs and NPAHs extraction from filters and tree barks samples, two approaches were used: (i) microwave-assisted extraction: using hermetically sealed 1-cm wall thickness polytetrafluoroethylene reactors (100 mL internal volume), and (ii) ultrasonic-assisted-extraction. Also to determinate the optimal solvent or solvent mixtures to use, different combinations were assayed, evaluated, and compared: methanol, dichloromethane, methanol:acetone (1:1), methanol:toluene (4:6), methanol:toluene:acetone (1:1:1), and methanol:chloroform
The microwave-based extraction approach was performed as follows: proper amounts of sample were placed in individual microwave reactors. Aliquots of 10 mL of the above mentioned solvents were added to the different vessels. Extraction was carried out at a ramp temperature up to 100 ºC for 10 min and held for 30 more min.
The employed microwave power was up to 1000 W. For the second approach, aliquots of 10 mL of solvent were added to each sample. Ultrasonication was employed to assist and accelerate the extraction of the compounds from filters and tree barks in an ultrasonic bath at 40 °C; during three cycles of 30 min each.
In both procedures, an aliquot of 2 mL of the resulting extract was dried under a N 2 stream, then 500 µL of acetonitrile with 0.1% (v/v) formic acid were added and the tubes were vortexed for 30 s. Finally, the reconstituted sample was filtered through 0.22 mm syringe filters (Waters ™ ) and stored in amber vials suitable for subsequent UHPLC-MS/MS analysis. A, where it was held for 0.4 min. Thus the four analytes detected were temporarily resolved within 3 min, being 5.0 min the total chromatographic run time (Fig. 1) . The column was held at a temperature of 35 ºC. Under these conditions, no sample contamination or sample-to-sample carryover was observed.
Polycyclic aromatic hydrocarbons derivatives analysis
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Results and Discussion
Comparison of sample preparation procedures
To carry out these experiments, samples were milled or cut, weighed (1 g of tree barks and 0.5 g of filters) and transferred to glass tubes. Two different sample pretreatment approaches namely, MW-assisted extraction and ultrasonic-assisted extraction using the six solvents/mixtures described above were set up and compared to establish a reproducible, accurate, and rapid approach for the extraction and subsequent determination of the NPAHs and OPAHs under study in APM and tree barks.
The study evidenced that for extracting from filters both kinds of PAHs derivatives, the best alternative for quantitative recovery was ultrasonic-assistedextraction using dichloromethane as extractant. While when the extraction of PAHs derivatives from tree barks was assessed, it was observed that the better choice for quantitative recovery was MW-assisted extraction with a solvent mixture of methanol:toluene (4:6). These procedures were adopted for subsequent samples treatment. By using these approaches, a quantitative recovery of the analytes was reached.
Selection of chromatographic conditions
Screening experiments showed that to obtain an efficient NPAHs and OPAHs Under the optimal mentioned conditions, the analytes were eluted within 3.0 minutes from the column within a 5.0 minutes total run cycle, which was considerably shorter than the ones reported by Lintelmann et al. [32] and Mirivel et al. [33] .
Optimization of MS parameters and MRM transitions
The best instrumental conditions that would allow identification of the PAHs derivatives under study in environmental samples at trace levels were evaluated. Thus, PAHs derivatives standard solutions (10 mg L -1 ) in acetonitrile were introduced into the MS system at a flow rate of 25 μL min -1 via a syringe pump.
Identification of the parent ion was performed in the full-scan mode by recording mass spectra from m/z 150 to 400 in positive mode. For quantitative mass spectrometric detection, various identification points are desirable to meet the identification performance criteria. In this study, the fact of monitoring one precursor ion and several daughter ions for each compound fulfills the mentioned criteria giving the necessary specificity to identify a substance correctly. To evaluate the transitions in the MRM mode, the precursor and the product ions were selected according to the analytes fragmentation patterns. The MRM conditions were further optimized for each analyte to obtain maximum sensitivity and are shown in Table 3 . The most sensitive transitions for each compound were selected for quantification.
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Matrix effects
As known, one downside effect of ambient ionization-mass spectrometric detection is that the ionization process is susceptible to matrix signal suppression or enhancement. As a consequence, the liquid chromatography -mass spectrometry response obtained from a standard can differ significantly from matrix samples. The origin and mechanism of matrix effects are not fully understood and there are many possible sources for ion suppression reported in the literature. Approaches adopted to minimize the ion suppression effects include: (i) increase selectivity in the extraction procedure for matrix clean-up, (ii) more chromatographic retention of analytes, (iii) optimize type of buffer and its concentration, (iv) use flow-splitting or nanospray, (v)
post-column addition, and (vi) use two-dimensional chromatography [34] . In this study, the effect of sample matrix was assessed by comparing the signal of the analytes in No signal enhancement was observed, but a response reduction of approximately 40% due to matrix interference was observed for filters and none effect for bark samples. As a consequence, quantifications of the selected analytes were carried out following the standard addition method.
Determination of NPAHs and OPAHs in airborne particulate matter and tree barks
The amount of PAHs derivatives in the atmosphere depends on many factors namely, temperature, vapor and atmospheric pressures, as well as the concentration and
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properties of the material collected. Although eight compounds were initially studied, only two oxygenated PAHs namely, 5,12-NAPHTONA (C1) and 2-FLUCHO (C2), and two nitrated PAHs: 1-NPYR (C3), and 9-NANTH (C4) were detected in both sizes of the atmospheric particles analyzed; the rest of the compounds were no present or below the instrumental sub-ppb detection limits.
In the case of tree barks, only the oxygenated forms, C1 and C2, were detected.
It is important to notice that, to the best of our knowledge, no literature references have been found with information about the two mentioned oxy-compounds in this matrix, which constitutes a relevant contribution and an important aspect correlated to environmental monitoring. The results discussed from now on will focus on the detected analytes.
In order to assess the most convenient sampler and filter type for PM 2.5 and PM 10 collection and subsequent determination of PAHs derivatives, two types of samplers (high-volume and medium-volume) were employed. Quartz and glass fiber filters were used and compared. The study evidenced that for both type of filters and both particle sizes of APM, the compound 9-NANTH (C4) Oda et al. [36] and Sierra and coworkers [37] reported concentrations of 1.6 ng m -3 for
Kurashiki city (Japan) and ~0.6 ng m According to Allen at al. (1997) [39] , OPAH are generally distributed among aerosol size fractions based on their molecular weight. OPAH with molecular weights greater than 248 are associated primarily with the fine aerosol fraction. When concentrations of 5,12-NAPHTONA (MW=258.27) were compared in both fractions measured in this study, the higher levels were found in PM 2.5 . Only for this compound, concentrations in PM 2.5 resulted higher than those measured in PM 10 . A more detailed analysis including the concentrations (ng m -3 ) of the studied compounds for the different filters and particle sizes is shown in Fig. 2 .
The results obtained for 1-NPYR levels were similar to those reported in the literature for other cities of the world, like Marseilles [40] , Paris [11] , Ho Chi Minh [41] , Copenhagen [15] , Milan [42] , Tokyo [43]; among others. It has been observed that 1-NPYR tends to predominate in diesel exhausts and this compound has also been identified in used oils from light-duty diesel engines. Analyzed samples were collected close to a highway with important circulation of heavy and light duty trucks that burn diesel oil. The secondary formation of 1-NPYR by heterogeneous reactivity processes of pyrene with atmospheric oxidants was recently reported [11] . Nevertheless, this secondary contribution to total 1-NPYR levels can be considered minor in comparison with its primary origin. On the other hand, 9-NANTH is a tracer of particles collected from vehicular exhausts from diesel engines where it is likely to be formed upon high temperature electrophilic nitration. In the atmosphere, this compound is also a product of electrophilic nitration.
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The identification of marker compounds can contribute with information about the impact of different sources and they are used to indicate the prevalence of gasoline or diesel engines as well as the relative contribution of traffic, and other sources. When PM 10 was collected, no significant dependence on the type of filter was observed, with a slight trend to obtain higher levels of the compounds when quartz fiber filters were employed. In conclusion and taking into account the above findings, the cost of the filters (much higher for quartz fiber filters), the mass collected (much lower when PM 2.5 is collected), and the concentrations measured (Fig. 2) , we consider that for our future studies devoted to analyze PAHs derivatives, glass fiber filters in conjunction with a high volume sampler is the best alternative when PM 10 is collected.
Temporal distribution of the compounds analyzed showed a homogeneous pattern since the concentrations of PAHs derivatives exhibited similar levels comparing the days of the week when samples were collected (Fig. 3) .
Concentrations of the four compounds under study expressed in mass mass 
Conclusions
A rapid, sensitive and reliable method for the determination of oxygenated and nitrated polycyclic aromatic hydrocarbons in environmental matrices such as airborne particulate matter (PM 2.5 and PM 10 ) and tree barks by UHPLC-(+)APCI-MS/MS was developed.
For extracting both kinds of PAHs derivatives from filters, the best alternative was ultrasonic-assisted-extraction using dichloromethane; while for tree barks, the best choice was MW-assisted extraction with a solvent mixture of methanol:toluene.
Eight compounds were initially evaluated, but only two oxygenated and two nitrated forms: 5,12-NAPHTONA, 2-FLUCHO, 1-NPYR, and 9-NANTH; respectively, were detected in both sizes of the atmospheric particles analyzed. In the case of tree barks, only the two oxygenated forms were detected. The study showed that even when biomonitors are cheap and simple to handle, much more information is obtained when filters are used for sample collection.
PAHs derivatives concentrations resulted significantly lower in the fine fraction in comparison with those measured in the coarse fraction. This latter is an indicative that PAHs derivatives are present in both fractions. On the other hand, when concentrations were assessed, the obtained values for PM 2.5 resulted higher than those those for PM 10 , indicating a higher enrichment of PAH derivatives in the fine fraction.
A C C E P T E D M A N U S C R I P T
This is an important point to consider because of the risks associated with fine particles from the health standpoint of view.
Taking into account the results of this study, the cost of the filters (much higher for quartz fiber filters), the mass collected (much lower for PM 2.5 ), and the concentrations measured; it is possible to conclude that glass fiber filters, in conjunction with a high volume sampler, is the best alternative when PM 10 is collected. In addition,
given the enrichment of PAHs derivatives in PM 2.5 , it is of utmost importance to keep studying the levels of these compounds in this fraction.
Despite the restricted number of samples analyzed some conclusions on the contribution of traffic source indicators could be derived from the study. Concentration of the analyzed PAHs derivatives resulted to be higher than those reported for other cities indicating an exposure of the inhabitants of Buenos Aires city to these pollutants.
To the best of our knowledge this study reports for the first time the presence of 1-NPYR, 9-NANTH, 2-FLUCHO and 5,12-NAPHTONA in atmospheric particles (PM 2.5 , PM 10 ) and tree barks collected in the city of Buenos Aires, which adds information on the presence of these compounds in urban atmospheres. ) of the four compounds measured in PM 10 using glass (FV) and quartz (FQ) fiber filters, and in PM 2.5 using glass fiber filters (PQ). C1: 5,12-NAPHTONA; C2: 2-FLUCHO; C3: 1-NPYR and C4: 9-NANTH.  Evaluation of several sampling and analytes' extraction strategies.
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 Novel compounds detected in the studied environmental samples.
 Experimental and ecotoxicological correlations and comparisons.
